In the present study, the effect of immunophenotyping on the prognoses of patients with multiple myeloma (MM) treated with bortezomib plus dexamethasone was investigated. The study involved 46 patients with MM, and analyzed the prognostic significance of the expression of cluster of differentiation (CD)45, CD56 and mature plasma cell (MPC)-1, and other factors including the International Staging System (ISS) stage, age, gender, the immunoglobulin subtype and the treatment line number prior to bortezomib treatment. Although CD56 and MPC-1 expression did not appear to affect the time to next treatment (TNT) or overall survival rate (OS), the univariate analysis determined that CD45 positivity was an adverse prognostic factor for TNT and OS, and that being male was significantly associated with inferior TNT and OS. Multivariate analyses determined that CD45 expression was prognostically significant for TNT and OS. In conclusion, CD45 positivity is an adverse prognostic factor in MM patients treated with bortezomib. The data from the present study demonstrate the clinical importance of classifying MM cells immunophenotypically to determine the prognoses of patients.
Introduction
Multiple myeloma (MM) is a hematologic malignancy that is characterized by an increased number of abnormal plasma cells in the bone marrow. Whilst curing MM is difficult, the recent development of novel agents including bortezomib and lenalidomide has led to considerable improvements in the outcomes of patients with MM (1-3). The main approved treatment strategy prior to bortezomib was to use chemotherapeutic agents with or without autologous stem cell transplantation (ASCT). Bortezomib became available in 2006 in Japan, and patients with MM who had relapsed or were refractory to chemotherapy were subsequently treated with bortezomib-based regimens. Furthermore, as bortezomib is available as a first-line treatment at present for incident diagnoses of MM, the treatment approach for MM has changed and bortezomib is used as an initial treatment.
It is important to be able to predict patient outcomes in clinical practice. Although the presence of specific cytogenetic abnormalities within myeloma cells, such as t(4;14) and t (11;14) , is considered the most important predictor of the prognoses of patients who have been treated with chemotherapeutic agents, the data from several previous studies have demonstrated that bortezomib-based treatment regimens may be able to overcome the adverse prognostic effects of these abnormalities (4) (5) (6) (7) . The International Staging System (ISS), which is a widely used prognostic indicator, may also have little effect on patient outcome predictions in this era of novel therapeutic agents (8) (9) (10) . Thus, the prognostic factors in patients with MM who are treated using bortezomib-based regimens remain unclear.
Immunophenotyping is widely available for the diagnosis of, the evaluation of minimal residual disease in and the prediction of the prognoses of patients in terms of a variety of hematologic malignancies, including MM. Myeloma cells commonly show the cluster of differentiation (CD)38 bright CD19 -CD56 + immunophenotype and, occasionally, the CD38 bright CD19 -CD56immunophenotype, which may be clearly distinguished from the immunophenotype shown by normal plasma cells, CD38 bright CD19 + CD56 - (11, 12) . Furthermore, unlike normal plasma cells, myeloma cells often do not express the mature plasma cell (MPC)-1 antigen or the leukocyte common antigen (CD45) (13) (14) (15) . The prognostic interpretation of this distinct immunophenotypic pattern in MM has been studied previously. CD56 negativity in myeloma cells is considered to be an adverse prognostic factor (16) (17) (18) , and patients with MM whose cells express CD45 survive longer compared with those patients whose cells are negative for CD45, particularly patients who have been treated with ASCT (14, 19) . A reduction in MPC-1 expression may be associated with chemotherapy or thalidomide resistance (13) . However, all of the previous studies that have examined the effect of immunophenotyping on prognosis involved patients who had been treated with chemotherapy with or without ASCT. Therefore, there are few data concerning the clinical significance of immunophenotyping for patients with MM who have been treated with novel agents such as bortezomib. Thus, a comprehensive analysis of the significance of immunophenotyping for patients with MM who have been treated with bortezomib is required. Therefore, the present study analyzed data from patients with MM who had been treated with bortezomib at Nihon University School of Medicine (Tokyo, Japan). The present study describes the significance of immunophenotyping for patients treated with bortezomib, and discusses the molecular diversity that may underlie the pathogenesis of MM in the context of immunophenotypic classification.
Patients and methods
Patients and treatment. A retrospective review of data from patients between December 2006 and August 2015 was conducted. The present study included symptomatic patients with MM who were treated with bortezomib plus dexamethasone as a second-line therapy or subsequently, and excluded those who received cytotoxic agents, including melphalan or cyclophosphamide, in combination with bortezomib. Baseline characteristics of patients at the time of bortezomib initiation, including age, gender, immunoglobulin subtype, ISS (8-10), pretreatments and immunophenotypes on myeloma cells, were investigated for the assessment of prognostic significance. Bortezomib was administered either intravenously or subcutaneously at a dose of 1.3 mg/m 2 on days 1, 4, 8 and 11, every 3 weeks, or on days 1, 8, 15 and 22, every 5 weeks, in combination with oral dexamethasone that was administered at a maximum dose (40 mg/day) on days 1-4, 9-12 and 17-20 or at a reduced dose dependent on patient background, and it was administered intravenously (between December 2006 and December 2012) or subcutaneously (between January 2013 and August 2015). The study was approved by the research ethics board of Nihon University Itabashi Hospital (Identifier: RK-151208-06, approved in January 2016), and the study was conducted in accordance with the principles of the Declaration of Helsinki.
Flow cytometry. The immunophenotyping was performed primarily on bone marrow samples that were collected at the time of diagnosis or prior to bortezomib treatment at Bio Medical Laboratories, Inc. (Tokyo, Japan). The myeloma cells were analyzed using standard immunofluorescence methods and monoclonal antibodies. Briefly, nuclear cells isolated from patient bone marrow samples were washed with PBS and stained with fluorescein isothiocyanate-labeled mouse anti-CD38 (1:20; cat. no. 555459; Becton-Dickinson, San Jose, CA, USA), phycoerythrin (PE)-labeled mouse anti-CD56 (1:20; cat. no. 347747; Becton-Dickinson), PE-labeled mouse anti-MPC-1 (1:10; cat. no. 03524781-4; Otsuka, Tokyo, Japan), PE-labeled mouse anti-CD49e (1:80; cat. no. 555617; Becton-Dickinson), peridinin-chlorophyll-protein complex-labeled mouse anti-CD45 (1:20; cat. no. 347764; Becton-Dickinson), or allophycocyanin-labeled mouse anti-CD19 (1:40; cat. no. IM2470; Beckman Coulter, Brea, CA, USA) for 30 min at 4˚C in the dark. Cells were then washed with PBS and analyzed by flow cytometry with a minimum acquisition of 20,000 events. Double-gating analyses were performed with CD38/side scatter, CD19*CD56, CD45*MPC-1 and CD45*CD49e. Values were calculated using CELLQuest, version 3.3 (Becton-Dickinson) and analyzed using original software from BML. Non-binding mouse isotype antibodies were used as controls. The CD38 bright /side scatter low population represented the plasma cell fraction, and the flow cytometric data were analyzed when abnormal plasma cell fractions, for example, CD38 bright /CD19cells, were detected. The samples were considered positive when at least 20% of the myeloma cells expressed this antigen profile, as described previously (20) (21) (22) . Immunophenotyping and prognosis. The flow cytometric data attained prior to bortezomib treatment were available for 46 patients. Of the patients evaluated, CD45, CD49e, CD56 and MPC-1 were positively expressed in 16 (35%), 2 (4%), 33 (72%) and 37 (80%) patients, respectively. Due to the low number of patients who possessed myeloma cells that expressed CD49e, the present study focused on the expression of CD45, CD56 and MPC-1 during the analysis of the flow cytometric data. The median TNT and the median survival time (MST) were 9 and 32 months, respectively, for the entire cohort (Fig. 1A) . The TNT and OS did not differ significantly between the patients who were positive and those who were negative for CD56, with median TNTs of 9 and 5 months, respectively, and MSTs of 36 and 24 months, respectively (Fig. 1B) . The TNTs and OS did not differ significantly between the patients who were positive and those who were negative for MPC-1, with median TNTs of 9 and 7 months, respectively, and MSTs of 36 and 15 months, respectively (Fig. 1C) . Patients who were positive for CD45 expression exhibited shorter TNTs and OS compared with those who were negative for CD45 expression, and the median TNTs were 3.5 and 16 months, respectively, and MSTs were 8 and 36 months, respectively (Fig. 1D) . Thus, among the surface antigens evaluated, CD45 positivity was the only factor that affected the outcomes of the patients.
Prognostic factors other than surface antigen expression.
Following the ISS assessments at the initiation of bortezomib treatment, the median TNTs for the patients at stages I, II or III were 11, 8 and 11 months, respectively (P=0.45), and the OS for the patients at ISS stages I, II or III were 36, 49 and 24 months, respectively (P=0.084). Patient age, the pretreatment line number and the immunoglobulin subtype did not affect the TNT or OS. However, being male adversely affected the TNT and OS (Fig. 1E ).
Univariate and multivariate analyses. The univariate analysis revealed that compared with the female patients, the TNT was significantly shorter for the male patients and it also determined that CD45 positivity was associated with a shorter TNT. The multivariate analysis revealed that CD45 positivity was an independent adverse prognostic factor for the TNT (Table II) and OS (Table III) . The multivariate analysis demonstrated that being male was not an adverse prognostic factor for TNT (Table II) and OS (Table III) .
Discussion
The data from the present study demonstrate the prognostic significance of the immunophenotype for patients with MM who are treated with bortezomib, and they differ from the data of previous studies of patients who underwent treatment prior to the introduction of novel therapeutic agents (14) (15) (16) (17) (18) (19) . Notably, the OS data from the present study may have been affected by treatment that was administered subsequent to bortezomib such as lenalidomide. Indeed, 25 patients in the present study received lenalidomide and 7 patients received thalidomide as salvage therapy subsequent to bortezomib administration. However, none of the patients underwent ASCT.
Notably, data from the present study demonstrated that the expression of CD45 by myeloma cells was a critical adverse prognostic factor that affected the TNT and OS, which conflicts with previously published data that suggested favorable outcomes for patients with MM who were CD45 positive and were treated with chemotherapy and ASCT, but were not administered bortezomib (14, 19) . The levels of CD45 expression are increased subsequent to bortezomib treatment (24) , which suggests an association between the CD45 molecule and bortezomib resistance. Therefore, the present study hypothesized that the contradictory nature of these data with respect to the findings of previous studies is important for understanding the critical role of a treatment strategy that involves combination therapy, for example, bortezomib-based treatment followed by ASCT for patients with MM, and that it may assist in explaining the different drug resistance mechanisms that occur between bortezomib and chemotherapeutic agents. Differences in the characteristics of myeloma cells in terms of the expression of CD45 have been studied comprehensively. The CD45-positive fraction of myeloma cells is a growth component that responds to interleukin-6 (IL-6) (25) (26) (27) , which is a critical factor that regulates cell growth and survival through the autocrine or paracrine systems of the myeloma cells. In addition, IL-6 serves a major role in the activation of the Janus family tyrosine kinase-signal transducer and activator of transcription (JAK-STAT) signaling pathway, mainly via signal STAT3 and STAT 5 (28) . Collectively, these data suggest that the CD45-positive component of myeloma cells exhibits a high level of activity that is associated with the JAK-STAT pathway, and that the activation of the CD45 component may be associated with poor responses to bortezomib. The findings from a recent study that used phospho-flow cytometry demonstrated that CD45-positive myeloma cells were associated with higher levels of STAT3 and/or STAT5 activity (29) . Furthermore, patients with MM who exhibited higher levels of STAT3 and STAT5 phosphorylation exhibited favorable outcomes when they were treated with chemotherapy with or without ASCT (29) . These results support the hypothesis that the critical pathways for the pathogenesis and/or development of MM differ according to the CD45 status of the patient. Therefore, it may be suggested that the outcomes of patients Table II . Analysis of the risk factors associated with the time to next treatment in the study population (n=46).
Univariate analysis
Multivariate analysis Table III . Analysis of the risk factors for overall survival in the study population (n=46). treated with bortezomib may depend on the underlying mechanisms that promote myeloma development in each patient. ASCT is considered to be a valid treatment option for younger patients with MM. The data of the present study demonstrated that patients with MM who were CD45 positive exhibited poorer outcomes. When the different prognostic interpretations of CD45 expression are considered in association with the treatment strategy, ASCT may compensate for bortezomib treatment. Therefore, the present study proposed that patients with MM who are administered bortezomib-based treatment should undergo ASCT, particularly when the myeloma cells are positive for CD45 and the patient is able to tolerate ASCT.
Univariate analysis Multivariate analysis
CD56 expression is common in myeloma cells, but not in normal plasma cells. A lack of CD56 expression has been demonstrated to be associated with poorer outcomes when ASCT is not undertaken, but the negative effect of an absence of CD56 expression is overcome when patients undergo ASCT (16) (17) (18) 30) . Although the present study did not investigate the effect of ASCT on OS, the expression of CD56 did not affect OS, which suggests that the bortezomib-based regimen may overcome the prognostic significance of CD56 negativity. Additionally, the maturity of the myeloma cells, which was indicated by the expression of MPC-1, was not a predictor of the TNT or OS in the present study. However, a reduction in the expression of MPC-1 in some patients was identified, including those who were administered bortezomib as first-line therapy, who were refractory to or had relapsed subsequent to bortezomib treatment, suggesting that MPC-1-negative clones may be associated with bortezomib resistance. Additional studies are required to clarify the association between MPC-1 expression and the treatment outcomes.
In the present study, cytogenetic analyses using fluorescence in situ hybridization to detect specific cytogenetic abnormalities were not performed in the majority of cases, which is a limitation of the present study. Another limitation is associated with possible selection bias, as not all of the samples of the patients underwent flow cytometric analysis at the time of diagnosis or prior to bortezomib treatment. Furthermore, the treatment strategy was not uniform at Nihon University School of Medicine, due to the comorbidities of the patients and/or the discretion of the physicians.
I n c o n clu sio n, p a t ie nt s w it h M M m ay b e stratified according to their immunophenotypic classifications to predict outcomes, and this may assist to plan treatment. Consecutive evaluations of surface antigen expression by myeloma cells may serve a role in treatment optimization.
